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CHAPTER I

INTRODUCTION
The importance of the condyle as a growth center in the normal growth
and developnent of the mandible and face has been well documented.

Because of

the close anatomic relation to man, the rhesus monkey has been included in

previous mandibular studies.

Studies of the mandibular condyle in rhesus mon-

keys have included J resection of the condyles and replacement by autogenous

grafts, fracture dislocations of the condyle, and removal of the condyle.
The results of the few studies reported on the mandibular growth fol-

lowing condylectomies i."l the young rhesus monkey have been controvers1al..

The

latest studies repor1:A9d by walker (1960) showed almost complete reformation of'
the condyle, whereas in earlier studies the operated side remained stunted and

deformed.
The purpose of' this experimental study is to obtain information on the

adjustive growth and developr..ant of the rhesus monkey mandible, specifically
the repair process of bone.

It is felt that this information may help more

fully" to understand the effects of such injuries, upon the growth and develop-

ment of the mandible, when they occur in the young chUd.

l''urthermore such

information may be used in the treatment plan of condylar injurieS to prevent

resultant facial deformities.

1

CHAPTER

n

REVIEW OF THE LITlmA TORE

Normal Growth of the Mandible
The studies pertaining to the growth of the mandible which have led to
our present day concepts were made as early as the Eighteenth Century.
Following the publications by Belchier (1736) and Duhamel (1739) of
the principle of vital staining by' means of madder feeding, Hunter (1771) undertook the study of the mandible in madder (a dried and powdered root which
upon fermentation stains newly formed bone salts red) fed pigs.

He pointed

out: (1) that the body of the mandible grows in height by growth of the alveolar bone. (2) that the jaw increases in all points until twelve months
after birth when the six teeth are pretty well formed, but later, never increases in length between the symphysis and the sixth tooth; (3) that the deciduous second molar and then in succession the first, second, and third permanent molars seemed to erupt in the same relation to the mandibular ramus;

(4) that the shedding or loss of teeth was always accompanied by the destruction of the alveolar process and that the eruption of teeth caused the growth
of this structure; and (5) that the increase in length of this bone was provided by a deposit at the posterior border of the ramus, while the anterior
or coronoid border was being resorbed to maintain proportion.
Studies were later undertaken by Tomes (1859) who described the growth
2

3
of the mandible in post mortem specimens. Like Hunter he believed the growth
to occur by apposition of bone on the posterior and anterior surfaces of the
mandible.

He described the posterior apposition as taking place at three

points: (1) in the periosteum investing the coronoid process) (2) in the periosteum investing the angle) and (3) in the sub-articular cartilage of the condyle, which previously was mentioned and compared to the epiphyseal cartilage
in children by' Koll1ker (1863) in his histologic studies.

Tomes also observed an angle formed

by'

the borders of the body and

ramus of the lower jaw and stated that this angle becomes more acute as growth
continues.
Hunter's findings were confirmed, almost one hundred years later, by
Humphry (1864) using the same experimental animal (the pig) but using metal
wires instead of madder.
As Tomes did earlier, Cryer (1901) observed a decrease in obtuseness

in the mandibular angles from birth untU the permanent teeth are erupted, but
he further observed that as the teeth are worn or extracted the alveolar process is resorbed and the horizontal planes of the jaws approach each other
more closely and the angle again becomes obtuse.
A wedge-shaped (carrot shape) condylar cartUage (responsible for the
forward and dO'Wm7ard growth of the mandible) was described by 1:i'awcett (1905),
Lm~

(1909), and Charles (1925) in the developing mandible of the foetus.

Charles later (1934) referred to this wedge of cartilage as being a wedge of
bone which has been formed with an intermediate chondroblast stage in contradistinction to the simple fibroblast bune differentiation of the rest of the
mandible.

4
Hunter's work was again confirmed b.1 Brash (1924) using the same experimental anirmil and conditions, and again later

qy

Harris (1939) who claimed

radiographic proof of the accuracy of their findings.
Brodie (1941), in radiographic studies using the cephalometer, emphasized the importance of the growth center in the mandibular condyle.
cribed the

grm~th

He des-

of the head of the condyle as being rapid and appearing to

have a potential and mechanism of growth not unlike that of long bones, and
this center is the last center in the head to cease activity.

He considered

the gonial angle or junction between body and ramus as remaining relatively
stable in chUdren at different ages and not becoming acute as reported in
earlier literature.

He explained this as a misunderstanding of the mandibular

angle (the gonial angle compared b.1 Brodie did not include the condyle as was
previously described).
Sicber (1945) reported that there was a change in the mandibular angle
and it had a definite significance.

To avoid any further contusion he (1945,

1947) referred to the mandibular angle as the "condylar angle", and the angular region the "gonial angle".

He showed that this change in the condylar

angle is an indication of the relation of dentition to the mandibular joint,
and further indicates that change in the mechanics of the mandibular joint and
the muscles of mastication.
Rushton (1942) conducted a histologic study of condyles ranging from
eight weeks postnatal to fifty-six years.

He believed thats

The mandibular condyle is a site of endochondral bone apposition in postnatal life untU the end of the second decade when growth at this point
normally ceases. The cartilage in which this bone arises is derived from
a layer of precartilagenous connective tissue which lies beneath the fibrous articular surface and does not entirely disappear even in late mid-

dle age. At the end of the second decade the marrow cavity is separated
from this layer by a complete closing plate of bone.
Sic her (1945) summarized the present day knowledge of mandibular
growth and published his conclusions.
1) B.1 the condylar growth the over-all length of the mandible increases,
not hO't'lever, the length of the mandibular body.
2) Appositional growth occurring along the entire posterior border of the
rams is the means of adjusting the width of the ramus and the length
of the body to the growing height of the ramus.
3) Appositional growth at the tip and the upper borders of the coronoid
process keeps pace with the heightening of the ramus, and resorption
along the anterior border of the coronoid process and ramus corrects,
at the same time, the antero-posterior dimension of the ramus and
lengthens the alveolar space distally.
4) The growth of the mandibular body, measured from the lower border of
the mandible to the free border of the alveolar process increases almost exclusively by apposition alone at the free borders of the alveolar process, growing into the space which is opened by the growth of
the mandibular raIllllS in height.
5) In the condylar growth the growth of cartilage plays the leading role.
It is the proliferation ot the cartilage, and not its replacement by
bone, which makes the mandible grow in height and over-all length,
just as a long bone grows in length by proliferation of the epiphyseal
cartilage.
6) Analogy between the hyaline cartilage in the mandibular condyle and
the hyaline cartilage of the epiphyseal plate of the long bone does
not exist. A cartllagenous epiphyseal plate ot a long bone is interposed between the bony diaphysis and epiphysis. In the direction of
the long axis of the long bone, this cartilage grows only interstiti-\
ally. In contrast to this type of growth of an epiphyseal cartilage I
the condylar cartilage of the mandible grows in all dimensions, at
least partly by apposition.
In a study on the growth and form of the mandible Symons (1951) showed
that a line joining the center of the head of the condyle to the in.'erior dental foramen does indicate fairly accur2tely the direction of bone gro'toJth.

He

referred to this line as a tract of bone f'o:rlt'.ea hy' cartilage growth and replacement by bone.

He connected this line with a line fo:rmed by the occlusal

plane of the mandibular teeth and formed an angle which he believed to be relatively constant.

6

The influence of muscles on the mandibular growth has been suggested
by some investigators.

Experimental removal of various masticatory muscles in

rats b.Y Pratt (1943), Washburn (1946), Horowitz and Shapiro (1951, 1955), Watt
and Williams

(1951), and Avis (1961) showed some bone changes

in the mandible.

Another group of investigators suggested a relationship between the
form of the mandible and the occlusion of the teeth.

Changes in the vertical

dimension in the rabbit, monkey, and rat by Bal<:er (1911), Breitner (1941); and
Avant, Averill and Hahn (1952) produced some changes in the mandible.
Normal Growth of the Rhesus Monkey Handible
.b"ew studies of mandibular growth in rhesus monkeys have been reported.
Moore (1949) studied the head growth of the l·lacaca monkey using vital staining
but did not mention the growth of the mandible.
Baume and Hooper (1951) studied biometrically and roentgenographically
in forty-one rhesus monkeys the development of the mandible.

The endochondral

growth center at the condylar head proved to be the pacemaker and organizer

~f

mandibular growth. Chondrogenesis proceeded in a dorsolateral direction with
a ver,y low vertical component, thus giving a relatively small increase in ramus height.
Appositional growth occurred on all surfaces.

There was considerable

growth at the anterior surface and lower border of the mandibular body contributing to the height and length. Vertical growth of the alveolar bone was
evident in small amounts in the premolar region and none in the anterior re ...
gion.
Apposition and resorption at the sites of muscle insertions were found
to be performed by tendinous perimysia in place of distinct periosteum.

1

Osteogenic aplasia caused relatively stable regions at the mandibular
canal below the second premolar.

Superposing radiographs of this region was

found useful in studies of grmvth.
Experimental Condylar Injuries
Since the importance of the growth center in the mandibular condyle
has been widely accepted,

~

investigators have experimentally interfered

with this center to observe its effects on the growth of the jaw.
Sarnat and Engel (1951) performed unilateral and bilateral condylectomies in young rhesus monkeys, which resulted in no impaired masticatory function.

After a postoperative survival period of four to seventeen months the

findings revealed asymetrical changes in the uni.lai.eral and symetrical changes
in the bilateral resected temporomandibular joint region of the animals.

There was less growth in ramus height, some remodeling of the posterior border
of the mandible, and a slight pre angular notching.

They noted that the coro-

noid process of the operated side was thicker and extended high above the zygomatic arch.

The condylar stump lacked the growth potential and anatomical

configuration of the normal.
Jarabak and Stuteville (1952) studied the effects of bilateral resection of the condyles in the monkey by serial roentgenograms and direct observation.

They observed no facial changes after a postoperative period of six

months.

They reported an open bite in the incisor region, evidence of filling

in of the articular fossa with a concavity formation along the anterior in-

cline of the eminence of the temporal bone, increased antegonial notching and
an acute mandibular angle.
Sarnat (1951), later, repeated his earlier experiment (1951) using the

8

same animal (monkey) and procedure but including studies of fnoial and neurocranial changes elU!'ing a longer postoperative S'J.l"Vival period (iAoJenty-five to
thirty-five months _)
~~

His gross and roentgenographic findings of the mandible

temporomandibular joint areas in this group were similar to, but more ac-

centuated than those of the previous group_

Histologic studies of the unoper-

ated side of one monkey revealed a normal joint and growing condyle, whereas
the operated side revealed no disc interposed or evidence of cartilage being
transformed to bone in the condylar area, but rather a layer of dense fibrous
tissue which was attached to the ramus inferiorly and articulated with the
temporal bone superiorly.
Tomek (1958) reported an experiment on the young rhesus monkey similar
to that of Samat (1957) and confirmed the results reported by Samat and
Engel (1951).
Wa.lker (1960) in an experiment using young Macaca rhesus monkeys with
fracture dislocated condyles, performed a unilateral
mal to serve as a predictable type.

condylecto~

on one ani-

He reported a remarkable reformation of

the condyle in the condylectomized monkey, the highest tip of which measured
to the horizontal plane of the inferior border of' the mandible revealed a
greater distance than the unoperated side. He also showed that treatment by
either the conservative or surgical method made no significant difference.
Herzberg and Sarnet (1962) roentgenographically" compared the bony
trabecular pattern in the mandible of young growing rhesus monkeTS following
condylectomies.

They observed an alteration in the normal "N" pattern found

in the ramus, which is formed by joining three
dylar-retrol'Iolar, and coronoid-retromolar.

axes~

condylar-angular, con-

9
Regeneration of the mandibular condyle following resection has been
reported in young rats.

In 1951 Jarabak and Thompson reported no perceptable

r.1.andibular changes following bilateral condylar resection.

Hmvoever, in 195h

Jarabak observed that following condylar resection asym.lootry occurred in some
rats but not in others.
Jolly (1961) studied the tissue response to condylectoD\y in the region
once occupied qy the condyle

L~

rats and observed a new articular process for-

rration.
Lanfranchi (1955) resected mandibular condyles in young monkeys and
replaced the missing

gr~lth

centers with bone grafts from the femur in an at-

tempt to abort the potential asymmetry.

Although his results were inconclu-

sive, he and Stuteville (1955) suggested further investigation and the use of
a metatarsal bone growth center as a substitute for the damaged condylar
growth center.
"'rick and Cameron (1959) performed condylar resections in monkeys
followed by transplantation of the distal hea.d of the 5th metatarsal.

Prelim-

inary reports ata-ted that epiphyseal growth occurred in the transplant of one
unilaterally operated animal, bu.t no epiphyseal growth occurred in the transplants of a bilaterally operated animal.
Heurlin, Gans, and Stuteville (1961) studied skeletal changes following fracture dislocation of the mandibular condyle in the adult rhesus monkey.
Their findings were very similar to those changes observed in previous studies
by' Sarnat and Engel

(1951) using young growing monkeys. They concluded:

Since the skeletal changes observed in the adult animals in this study
were similar to the changes observed in growing animals, one might question the importance placed on the loss of cart1lagenous growth centers in

10

explaining these changes. Perhaps this growth center has been oVer emphasized 'When actually these changes may represent the result of anatomic loss of bone continuit,r, functional adaptation of bone, and muscle
imbalance.

CHAPTER III

:r-lA TERIALS AND NE'lliOns

Animals
The animals used in this investigation were eight rhesus monkeys, obtained from Shamrock Farms, Inc., Middletown, New York.

Five males and three

females were used. and their weights ranged from three pounds to five and onehalf pounds.

Their exact ages were unobtainable, but were estimated from

their weight and dentition to range approximately from four to six months of
age.

The animals were arbi trarUy numbered one through eight.
Left unilateral condylectomies were performed on monkeys numbered one,

three, and five.

Bilateral condylectomies were performed on monkeys numbered

two, four, and six.

Monkeys numbered seven and eight were used as controls.

Postoperative survival periods ranged from four to eight months.
Monkeys numbered one, two, and seven were sacrificed eight months after surgery, three, four, and eight at six months; and five and six were sacrificed
at four months.
The animals were housed in stainless steel animal cages and were maintained on Rockland Primate Diet once a day, supplemented with a fresh fruit.
Anesthesia
The anesthesia necessary in this investigation was obtained b.1 injecting Nembutal Sodium (Abbott),

,0 rug/cc concentration per five pounds
11

of
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body "leight, intravenously into the saphenous vein using a 25 ga.uge needle
(Plate I).

It was necessary in some inst<'ances, to supplement the original

dose due to the variable reation of the monkeys to Nembutal.
Roentgenography
A cephalostat lias modified to accept the head of the monkey for lateral head roentgenographs (Plate II).

This enabled the monkey to be placed in

a supine position on an adjustable platform, with the head fixed at three
points (right and left ear posts and a nasion positioning rod).

An attempt

was ()'lAde to position the X-ray tube so the central beam passed directly
through the ear posts.
'Here used.

Eight by ten inch cassettes with intensifying screens

In order to conserve the amount of' film used during each e:>'''Posure,

an eight by five inch lead shield was placed over one-half of the film.

Eight

by ten inch Kodak medical X-ray film (Blue Brand) was exposed by a dental
X-ray unit manufactured by Ritter, set at
of a secolld.

115

Kv. and

15

ma. for three-fourths

A 'i:;,arget film distance of thirty-nine inches llias maintained.

Antero-posterior roentgenographs of the head were made with the monkey
lying supine with the X-ray tube centered directly above the face.
Lateral and antero-posterior radiographs were taken on the surgical
animals at the start of the investigation, imrnediately after surgery, at two
month intervals postoperatively, and at the time of sacrifice.

The control

animals were roenteenographed at two month intervals and at the time of sacrifice.
Photographs
Photographs of the procedures were taken with a Kodak Startech Camera,

FIGURE 1
Photograph or immobilized animal in

a carr,ving cage ready tor 1ntravenous anesthesia.

FIGURE 2
Photograph or ad1'flinistrat1on of

butal Sodium into saphenous vein.

~'lem.
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PLATE I

Figure 1

Figure 2.

PLATE

n

Figure

3

FIGURE .3

Photograph

or

modU'ied eephalostat.

A.

~

B.

llasion positioning rod

C.

8 X 10 oaeeette bolder

D.

Adjustable. platform to position

poet

:m<Il1cey.

FlOORE 4
Photograph of ani:mBl poslt.1onad in

oephalostat.

Figure

4

u.sing Kodal<: 121 Ektachrome-X. film with artificial light.
't-Jere taken with a

35

Photomicrographs

rem Zeis camera using Kodacolor-X film with a blue fil ...

tel".

Impressions
Impressions of the dental arches of all the monkeys were obtained by
using Ontray Quick-cure Acrylic.

The acrylic was allO".Ned to set to the

HdOughyll stage and placed over the occlusal surfaces, while the monkey was
anesthetized, and the jaw was closed until the acrylic was almost set.

The

acrylic bite was removed and stored for direct measurements.
Preoperative Records
The monkey's l.Teight, length of hand, and dental record including deviations from the normal were recorded (Table

1). Right and left lateral

and

antero-posterior roentgenographs were taken.
Surgical Procedure
The head of each monkey wa.s shaved, scrubbed with soap and water, and
draped with sterile drapes.

A strict sterile technique was maintained through-

out the procedure.
A three centimeter vertical incision was made in the skin directly
anterior to the auricular cartilage of the external ear.

The parotid fasoia.

and gland were reflected.

By blunt dissection the capsule of the temporoman-

dibular joint was exposed.

A vertioal inoision was made through the capsule

and periosteum to the bone, from the oondyle along its neck to the ramus.

The

periosteum was reflected and a 700 tapered dental .fissure bur was used to cut
through the neck of the condyle just above the m.qndibular notch.

The condyle
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TABLE 1

PR!;IDP&''U.TIV E OBSIfitVATIOMS

!<!onkey

no.

Sex

Weight in

Dentition

lbs.

Length of
band
:in mm.

Estimated

Normal

&;.0

6

Lett

Normal

10.0

6

BUawl"al

B

Norml

10.0

6

Lert

6

NorJBl

10.0

6

Bilateral

6

l-iormal

65.0

6

Left

4

Normal

64.0

4

BUateral

b

normal

65.(1

h

Control

"

NOl."ffl81

10.0

;}.5

Control

6

f.fldll.ne

of
incisors

1
2

..

;)

?emale
.it'amale

5.5
5.0

All

age in

Surgery
side

months

P. O. period
in
!UODths

11

~,

deciduous

All
decicluO'llS

Hale

5.(}

All
deciduous

!t

i'''enale

5.0

All
deciduous

5

11ale

3.5

All
deciduou.C'J

6

Fel~e

3.0

All
d.ec1duous

7

~i,ale

3

?emale

L,.:;"

5.(';

All
deciduous

.All
deciduous

q
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'tvas shelled loose from the periosteum and articular disc with a periosteal

elevator, detached from the lateral pterygoid
moved.

The hemmorrhage was controlled.

~~cle

with a scalpel, and re-

The deep tissues were closed with in-

terrupted No. 000 plain catgut sutures and the skin with interrupted No. 000
bla,ck sUk.

Spray-On Plastic Bandage (Aeroplast) was applied over the wound

and all owed to dry'.

The mandible was not fixed to the maxilla in any way.
Prophylactic intramuscular injections of 600,000 units of long acting
B-cillin (Wyeth) and .300,000 units of Wy'cUlin (Wyeth) were given 1mmediate17
after surgery.
Postoperative roentgenographs were taken, and the monkeys were placed
in their cages upon regaining consciousness.

They were allowed to remain on

their previous diet with the addition of water to soften the food, and it was
fed to them in this manner for three days.

Each monkey was observed daily for

any sirns of infection, pain, or functional disability_

In performing the bilateral

condylecto~,

the surgical procedure on

the opposite side was carried out in a similar manner.
Postoperative Records
Every two months the monkeys were reanesthetized and weighed, length
of hand, dental records, and antero-posterior roentgenographs were taken (Appendix B, .3-9).
Sacrifice
Four to eight months postoperatively, the postoperative records were
taken and the monkeys were sacrificed by" injecting .3 co of Nembutal (,0 rug/cc)
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directly into the heart.
The heads were removed and dissected b.r removing the skin and fascia.
The capsule of the temporomandibular joint was exposed and photographed.

The

heads were hemiseoted saggitally with a saw, and right and left roentgenographs were taken.

The head was placed on the cassette, and the X-ray tube

was oentered over the externa.l auditory meatus at a distance of thirty-six
inches.

The intensifying screens were removed and the machine set at 115 ICv.

and 15 mae for

4 seconds.
Histology

Block sections of the temporomandibular joints of all the monkeys were
removed with a diamond disc in a dental hand piece and placed in 10% formalin
for forty-eight hours.

The tissue blocks were decalcified in a 10% solution

of formic acid (for approximately two weeks), washed for twelve hours in water, dehydrated 'lvith increasing concentrations of ethyl alcohol, cleared in
chloroform, and infiltrated with and embedded in paraffin.

Frontal sections

were cut at six microns and stained with hematoxylin and eosin.
~Ieasurements

The mandibles were dissected free from the skull, and all soft tissue
was removed for measurements.
The llleasurements made directly on the dry mandible included the height
of the coronoid process, height and length of the mandibular body and width of
the ramus.

The mandible was placed in an upright position on a flat surface

which was used as a reference point (Mandibular plane) when taking measurements (Plate III).
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The height of the coronoid procoss "'Jas determined by measuring the
distance of a line, perpendicular to the mandibular plane from the highest
point on the coronoid process to the inferior border of the mandible.
The height of the mandibular body was determined by measuring the distance of a line J perpendicular to the ureference line If (Nandibular plane) J
from the highest point on the body just mesial to the first permanent molar to
the inf'erior border of the mandible.
The ramus width was determined by measuring the distance between the
posterior and anterior surf'aces of the ramus on a line parallel to the mandibular plane at the level of the mandibular fora.men.
The intermolar distances of the seoond deoiduous and first permanent
molars on the acr,rlio impressions were measured.
All measurements were recorded to a tenth of' a millimeter.

FnmnIGS
PO$top!ra~ive ~~i~

.All animals survived the surgical procedure, and showed no evidence 01'
postoperative infection.

There was no sign of facial nerve damage in

arrr

of

the animals. :Hoderata edema 'Wu present in the sUI'Bieal area the day after
surgery and lasted

48 to

12 hours.

The No. COO silk sutures which remained in

the skin after surgery were not present at

~le

time of the first postoperative

check.

Tho mon.tceys were able to masticate their normal diet within three days

atter surgery. !{o deviations of the mandible were observed during masticatory
move~nts

in artY of." the animals.

The 'Wight charts revealed a regular in-

crease in weights o,f all animals (Appendix B, Tables 3-10).
None of the animals showed any Sign of facial asymmet1:-y.

The occlusion which remained normal in the control animals showed some
signs of change in the operated animals.

Animals numbered two (bilaterally

operated) and three (lert unilaterally' operated) had deviations

or

lett as early as the second postoperative check at four months.

1 rom to the

The bilater-

ally operated anir.1&1s numbered two, four, and six had open bites of 1

early as the first postoperative check at tMo :'lonths (Appendix:
21

n,

!'1l!TI

as

Tables h, 6,
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Throughout the postoperative periods of all the animals the deciduous
dentition was present.

Animal number two lIas the only animal that had a per ...

manent incisor erupt during the postoperative period, at which time the deciduous incisors were still present.
pe~uanent

By

the fourth month after surgery the first

molars were present in the oral cavity

L~

all of the animals.

Impressions of the mandibular dental archs showed very little changes
in the intermolar (perl:1aIlent first and deciduous second molars) distances.

The intermolar distances did not vary more than .3

mIn

in any of the animals

from the time of surge!"/ until sacrif'ice (Appendix B, Tables 3-10).
The antero-posterior postoperative roentgenographs taken at two month
intervals of the control animals revealed symmetl"/ of the facial skeleton.

In

the condylar region a typical growing condyle was observed; the condyle appesred to increase in over all size and maintained the normal morphology.
Antero-posterior postoperative roentgenographs taken at two month intervals of all of the operated animals revealed a bony reformation on the operated side.

At two months the roentgenographs showed a structure shaped like

a nonwal condyle, although it was not as high, radiopaque, or as large as the
normal control. By the fourth postoperative month this structure attained a
radiopacity and shape comparable to a normal condyle but lacked the normal
condylar height.

This structure continued to show an increase in size, main-

tatning a normal shape and radiopacity from the fourth through the eighth
postoperative months, but never attained the normal condylar height (Plates
IV ... IX) •

Poet Mortem

Findin~s

2.3
PLATE IV

FIGURE 7

Pbotograph of antero-posterlor roentgenograph ot animal No.1 lmmedlate17 after

surgerT.

(Let't cond,.lectomy)

Figure 7

FIGURE 8

Photograph ot modified antero.posterior
roentgenograph ot animal No.1, eight months
atter surgery.

Figure 8
,

PLATE V

FIGURE 9

Photograph of antero-posterior roentgenograph ot animal No . 2 immediately after
surgery.

(Bilateral condylectolTl1)

Figure 9

FIGURE 10
Photograph ot m.odified antero-posterior
roentgenograph ot animal No . 2, eight months
after surgery.

Figure 10

•

PLATE VI

FIGURE 11

Photograph of antero-posterior roent.
genograph ot animal No.3 1mmed1a.tely after
surger.r-

(Lett cond,.lectomy)

Figure 11

FIGURE 12
Photograph of modUied antero.posterior
roentgenograph ot animal No.3, six montbs after
SlIrge17.

Figure 1.2
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PLATE VIr

FIGURN 13

Photograph of antero-posterior roentgenograph of animal No.4 immediately after
surgery.•,

(BUateral eOllldylectomy)

Figure

FIGURE

14

Photograph of Dl.o dified ani:iero-posterior

roentgenograph of animal No.4, six months after
surgery.

13

\.
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PLATE

FIGURE

vm

15

Photograph of antero"'posteriot' roentgenograph of animal No~,
surgery..

5

immediately aftm:'

(Left condylectomy)

F1gure

15

FIGURE 16
~lotograph

ot modified antero-posterior

roentgenograph of animal

No.5,

four months after

surgery.

Figure 16

2

PLATEn

FIGURE l.7

Photograph of antero ...p OS terior roent..
genograph of animal lio,. 6 immediately' after
surg~J.

(Bilateral condy1ectomr)

~17

FIGURE 18
Photograph of modified antero-posterio:r
roentgenograph of animal No . 6. four months after
surgeI'Y'.

Figure

18
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Gross Findings
Control animals
Temporomandibular joint area.--Animals numbered seven and eight showed
evidence of a thin fibrous capsule covering the joint area.

This fibrous cov-

ering was attached to the temporal bone at the anterior, medial, and lateral
boundaries of the articular tubercle and fossa.

The capsule was thickest at

the lateral boundary, which formed the temporomandibular ligament.

This liga-

ment originated from the zygomatic process of the temporal bone and attached
to the neck of the mandibular condyle.
The lateral pole of the condyle was palpated and was found to be within the lateral border of the zygomatic process of the temporal bone.

The

posterior boundary of the condyle was just in front of the postglenoid process of the temporal bone and was separated from it by the thin fibrous capsule covering the condyle.
The mandible was opened manually and the joint area was observed.

The

condyle rotated and glided in a downward and forward direction when the jaw
was opened.

In the open position of the jaw the lateral and posterior bound-

aries of the fibrous capsule slackened.
The ramus.-1'he ramus extended upward from the posterior boundary of
the mandibular body and ended in two processes: the anterior coronoid process
and the posterior condyloid process.

The ramus was situated laterally to the

plane of the alveolar process in the molar region.

The thickness of the ramus

was relatively thinner than the body of the mandible.

The thickest portion of

the ranms extended from the condyle to the mandibular canal.
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!'leasure:r:lents of the ramus width at the level of the mandibular canal
did not differ more than

.~

rmn between the right and left sides and not more

than 1.1 mm bett<Jeen the two control anirr.als (Table 2).
The ooronoid process.--The coronoid process extended uIniard front the
anterior border of the ramus and was shaped like a triangle, ending in a sharp
fin-like apex.
vex.

The posterior border was concave and the anterior border con-

The lateral and medial surfaoes were small.

The apex of this process

extended above the level of the condyloid process and the surface was rough.
The coronoid process was very thin oompared to the rest of the mandible; the thickest portion was along the anterior border.
Measurement of the height of the coronoid process showed a difference
of .2

ffi,.''ll

between the right and left side and a dift'erence of 2.4 rom between

the two control a~imals (Table 2).
The gonial

a~le.--This

area

"lith the inferior border of the body.
regularly rough.

jOL~ed

the posterior border of the ramus

The outer and inner surfaces "Jere ir-

The postero-inferior border of the gonial angle was oonvex.

An antegonial notch was not observed in these animals.
The mandibular bodl.--The body of the mandible was horseshoe shaped
and carried the a.lveolar process.

The surface of the body was generally

sm.ooth with the exception of a sharply elevat.ad tubercle in the inferior lingual area of the midline.

Two to three foramina. 't-lere observed just above the

inferior border below the right and left deciduous molars.
Heasurements of the lengths of the ma.ndibular body, comparing the
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tABLE 2
POSt l'iOHTS~ ~l&3Un!i11ENts (!mit)

:;tonkq No.
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P.O. Period
in l~ont.r..

Coronoid

Intermolar
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iUgbt-lAtt

l>{alldlbular
Body
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Proo••

~,

D1etanee

(Declduoua)

Distance

(Permanent

right and left halves J did not differ more than .8 m.

This measurement on

the control animal did not differ more than .5 mm with the other control an!mal (Table 2).
The dentition.--There were no malposed teeth in these animals.
•

There

were no signs of lruandibular deviation or open bites.
The deciduous dentition was still present and the first permanent mo-

lars were erupted.
Unilaterall¥, operated animals
TemporOlnandibular joint area.--Right and left condylar regions of all
of these animals showed evidence of a distinct fibrous capsule comparable to
the control animals.

The condyle on the unoperated side was in the same pos-

ition as that of the operated side and the control animals.
The position of the new articular head on the operated side was
slightly anterior ani inferior as compared to that of the opposite side and
control animals.
The lateral poles of the new articular heads when palpated were the
same as the unoperated side and control animals with the exception of animal
number three, which projected more laterally and anteriorly.
The right and left temporomandibular joints of the three unilaterally
operated animals showed freedom of movement when the jaws were manually opened
and closed.

The raruus.--The shape and thickness of the mandibular ramus was similar to that of the unoperated side and of the control animals.

~'1easurements
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of the ramus width at the level of the mandibular canal, comparing the operated side wit.,. the unoperated side, did not differ more than .2
not consistent as to the side of surgery.

TIL'll

and were

The measurement when compared with

the control of its group did not differ more than .S mm. (Table 2).
The coronoid process.--The shape and thickness of the coronoid process
on the operated side in these animals revealed no observable differences from
the unoperated side or the controls.

The measurements of the coronoid process

height did not differ more than .9 mnl from the unoperated side and not more
than .7 mt''Tl from the control of its group.

This difference was not consistent

with the side of surgery (Table 2).
The ganial angle.--There were very little observable differences in
the gonial angles of the operated sides compared with the unoperated sides or
the control animals other than a slight increase in acuteness on the operated
side.

Animal number three had a slight antegonial notch of 1 mm on the oper-

ated side compared to the unoperated side (Plate XII, Figure 27).
The mandibular b;l&.--The shape and thickness of the mandibular body
of these animals were similar to the control animal of its group.

The length

of the mandibular body showed a difference of not more than .2 mm between the
operated and unoperated side.
group showed a difference of

This length compared with the control of its

2.4

rom (Table 2).

The height of the lnandibular bod,y in the first molar region did not
differ more than
its group.

.4

mill

from the unoperated side and 1.7 mm from the control of

All of these measurements were

surgery (Table 2).

The dentition.--Dental observations revealed no malposition or disturbed eruption of teeth in any of these animals.
observed in only one of these animals.
1 rom to the left.

A mandibular deviation was

Animal number three had a deviation of

There was no sign of an open bite in the incisor region in

any of these animals.

BilaterallY operated animals
Te:nE0romandibular Joint area.--All of these animals showed evidence of
a distinct fibrous oapsule comparable to the control animals.

The positions

0

the new articular heads on these animals, with the exception of animal number
six, were slightly anterior and inferior as compared to the control animals.
The left artioular head and neck of animal number six inolined distally' at an
angle of fort,r-five degrees to the posterior border of the ramus, considerably
more than the other operated side.
The lateral poles of the new articular heads when palpated were the
same when compared with those of the control animals.
All of the temporomandibular joints of the three bilaterally operated
animals showed freedom of movement when the jaws were manually opened and
closed.
The ramu.s.--Tbe shape and thickness of the mandibular ramus were similar to those of the control animals.
The measurements oomparing the right and left ramus widths at the
level of the mandibular canal in these animals did not differ more than .2 mm..
These widths when oompared to the widths of the oontrol animal in its group
did not differ more than .6 mm.

These differences were not oonsistent with

the side of surgery (Table 2).
The coronoid l'rocess.--The shape am thickness of the right and left
coronoid processes in each of these animals revealed no observable differences
from the control animals.
The bilateral coronoid height measurement did not differ more than .3
mIn

from each other am not more than

2.5 mm

from the control of its group.

These differences were not consistent as to the side of surgery (Table 2).

The gonial angle.--The gonial angle in these animals showed bilateral
symmetr,y and slight increase in acuteness when compared with their control
animals ..
Animals numbered two and four had bilateral antegonial notching of 2
tmIl

(Plates XI,

xn).

The mandibular body.--The lengths of the mandibular body in the right
and lett sides of these animals did not differ more than

.5 nun. These lengths

compared with the control animal of its group showed differences of 2 mm
(Table 2).
The height ot the mandibular body- in the tirst molar region did not
difler more than

.4 mm between the right and left sides. This height compared

with the control animal of its group dtd not differ more than
2).

1.7 rom (Table

These differences were not consistent with the side of surgery.
The dentition.--Dental observations revealed no malpOSition or dis-

turbed eruption of teeth in any of these animals.
open bites in the incisor region of at least 1

In..111

All of these animals had
(Appendix B, Tables

4, 6,

II

~
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and 8).
One of these animals (number 2) had a deviation of 1 rom to the left of
the midline.
Roentgenographic Findings
Control an:L'llals
Lateral head roentgenographs of the hemisected skulls showed a condy..
lar process 'tvithin the articular fossa.

In observing the profile of the con-

dyle the head was forced upward and forward so that the neck appeared to be
bent forward (Plate X).
The trabecular pattern of bone in the ramus of these animals showed
the classical "N" pattern of bone mentioned b.r Herzberg and Sarnat (1952).
Three trajectories of bone were observed in the ramus: one extending from the
condyle to the angle, one extending from the condyle to the retro-molar area,
and one from the coronoid process to the retro-molar area (Plate X).

Unilaterally

oper~ted

animals

Lateral head roentgenographs of the hemisected skulls showed a reformation of an articular process.

Animals numbered one and three showed remark-

able reformation of this process to an almost normal protile, (forward bending
of the condylar neck).

The condylar necks of these two animals appeared

shorter than the unoperated side (Plates XI, XII).

Animal number five ap-

peared to have this short condylar neck with a reformation lacking the typical
profUe of a normal condyle, (Plate XIII).
The trabecular pattern of bone in the ramus of these animals maintained the classical "N" pattern of bone, obse.rved in the control animals, and
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PLATE X

FIGURE 19

Pho'bograph of poet mortem left lateral
bead roentgenograph of antmal N.o. 7"

(Control)

.FIGURE 20

Photograph ot poet mortem rigbt lateral
head roentgenogl'apbof animal Uo .

7. (Control)

Figure 19

Figure 20

Figure 21

Figure 22

FIGURE 21

Photogr.ph ot poet mortem let' lateral
bead .roentgenograpb.

ot anltnal No.8. (Control)

FIGURE 22
Pbotograph of poet mortem right lateral
head roentgenograph of an1mal No. 8 .

(Control)
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PLATE XI

FIGURE 2.3
Pboto.g raph of post martEl left lateral
(Lett

head roentgenograph of animal No . 1 .
condylectomy')

FIGURE 2U

ot poet

Photograph

mortem right lateral

httso roentgenograpbot animal 'No . 1.

(tett

condylectomy )
Figure 23

Figure

24

FlOORE 2,

Photograph of

poflt

Qrtem left lateral

head roentgeno6l"aph of animal No .2.

(B.ilat-

eral eGnd11ectoR~1-)

FIGURE 26
Photograph of poet

O'l't,em

right lateral

head roentgenograph of an1mal lfo. 2.

(Bilateral
Figure

condylectomy)

25

Figure 26
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PLATE XII

FIGURE 27

Pbotograph

Q_

post ..ortem left lateral

beao roentgenograph of antmBl tl0. 3.

(Lett

aondY'lectol!Jf)

FIGURE 28
Photograph of p.o st ortem right lateral
head r oentgenograph of ani.ma1 ·No .,3 .

(Lett.

COndylectomy)
Figure 27

Figure 28

Figure 29

Figure 30

lGURE 29

Photograph of poet mortem lett lateral
head roentgenograph of animal ~o. 4.

(Bilat-

eral condylectotq)

FIGURE JO
Photograpb

or poet mortem

right lateral

head :roentgenograpb of animal No . 4 .

ereJ. oondylectomy)

(B1lat-
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PLATE xnI

FIGURE 31

Photograph of post morte left lateral
head roontgenog;raph of animal No . 5~

(!.eft

condyleCtomy )

FIGURE 32
Photograpb of post mortem right lateral

be

roentgenograph of an1rnal No. , .

( rt

condylectomy)
Figure 31

Figure 32

Figure .33

Figure

FlOUR 33

Photograph ot post mm:-te left lateral
hoa roent

nograph of ani · . 10. 6.

(Bilat-

eral condylec:tomy)

FIGURE 34
Photograpb of post ti10r~

r igbt lateral

head roentgGnograph of ,a nimal No.6.

eral condl1ectonw)

(BUat-

34
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converged toward the new articular area (plates X-XIII).
Bilaterally oeerated animals
Lateral head roentgenographs of the hemisected skulls showed reformation of an articular process all of which lacked the normal condylar neck
height and normal profile of the control animals and the unilaterally operated
animals.
The trabecular pattern of' bone in the ramus of these animals followed
the same classical UNtt pattern which was found in the control and unilaterally
operated animals.
Histologic Findings
Control animals,
Histologic findings of the temporomandibular joint of control animals
numbered seven and eight revealed a joint comparable to the normal temp oromandibular joint.
There was a diarthrosis between the mandibular condyle and temporal
bone with a fibrous disc between these articulating bodies.
The articulating surface of the temporal bone consisted of a thin compact bone in the fossa area and spongy bone covered with a thin layer of compact bone in the area of the artioular tubercle.

The articulating surface of

this bone 't-las covered by a fibrous layer containing cartilage cells.
The condyle of the mandible was compased of cancellous bone covered by
a thin layer of compact bone.
sue.

The marrow spaces were filled with myeloid tis-

The periosteum was attached to the compact bone along the neck of the

condyle and

e}~nded

superiorly and joined the articular fibrous covering of
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PLATE . IV

nOORE

35

Photomicrograph, 22 .. $1 , 'o f condyle

11'1 an1mal No ,. 7.

(Control)

ft .

Fibrous covering

B.

Hyalin ow...t11age

C.

Bono marrO'loi

D.

Cartilage 1$18OOS
Figure

35

,FIGURE 36
Photom1:orogr.aph, 22.,1 ,

1nanimal No . 8.
A.

or

condyle

(Control)

Articular disc

B. ' Inferior artioular space

C.

fibrous covering

0.

Hyalin cartiJ.age

E.

'Bone marrow

F.

Cut11age isl ands

Fi gure 36
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the condylar head.
A fibrous oovering on the oondyle was composed of a network of collagenous fibers in the superfioial layer and deep staining fibroblasts and chondrocytes containing few collagenous fibers in the deeper layer (transitional
layer).
Beneath the fibrous covering a hyaline cartilage was observed. Numerous chondrocytes were observed in the outer layer of this cartilage (proliferating cartilage). In the deeper layer the ohondrocytes were greatlyenlarged and the intercellular substance was deeply stained (degeneration and
calcification of cartilage).

The deep layer of the cartilage joined the bone

marrow and trabeoular bone within the head of the condyle (resorption of calcified cartilage and new bone formation).
The articular disc separated the joint space into a superior and inferior articular space.

The disc was composed of dense fibrous tissue with

straight and tightly packed fibers.
On the lateral surface of the joint an articular capsule was present
and consisted of an outer fibrous layer and an inner layer of thin connective

tissue.

This inner layer contained numerous blood vessels, with small finger-

like processes and folds (synOVia) protruding into the articular cavity.
Four month specimens
All of the temporomandibular joint specimens from animals numbered
five (unilaterally operated) and six (bilaterally operated) showed evidence of
a diarthrodial joint enclosed by an artioular oapsule comparable to the oontrol animal.
Both animals had a fibrocartilage on the new artioular process of the
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PLATE XV

FIGURE 37
Photomicrograph,
animal

No . 5,

22 .5x,

of condyle in

four months after surgery show-

ing same structures found in normal controls .

Figure 37

FIGURE 38

Photomicrograph,

22 .5X,

of condyle in

animal ~o . 6, four months after surgery showing same structures f ound in normal controls .

igure 38
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mandible.

I~

The zones of cartilage proliferation, degeneration, calcification,

and resorption and bone formation present in the control animals were observed

in these two animals (Plate XV).

The temporal bones in these smimals were covered with a fibrous layer

containing cartilage cells.
An articular disc with a superior and interior articular space was

present in both animals.
Six month sP2cimens

All of the temporomandibular joint speeimeas from animals numbered
three (unUaterall.jr operated) and tour ~1latera1ly operated) showed evidence

ot a d1arthrodeal joint enclosed

by an articular capsule, comparable to the

control animals.
Fibrocartilage covered the new articular process ot the mandible.

The

zones ot cartilage proliteration, degeneration, calcification, and resorption
and bone formation present in the control animals were obserYed in these two
animals (Plate XVI).

An articular disc with a superior and inferior articular space was

present in both animals.
Eight month specimens
All of the tempor1)mandibular joints in the specimens from animals
numbered one (unUaterally operated) and two (bilaterall.jr operated) showed
evidence ot a diartbrodeal joint enclosed by an articular capsule.
Fibrocartilage covered the new articular process ot the mandible.

The

oones of oartilage prol.1!'eration, degeneration, oalc1t1cation, 8Dd re8orption

I

I'il
IIII

I,i
,I
"
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PLATE XVI

FIGURE 39
Photomicrograph, 22. 5X, of condyle in
animal No . 3, six months af ter surgery showing
same structures found in nor mal control s .

Fi gure 39

FIGURE 40
Photomicrograph, 22. ' X, of condyle in
animal No . 4, six months after surgery s howing

same structures found in normal controls .

Figure 40

.............----------------
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PLATE

xvn

FIGURE U
Photomicrograph, 22.5X, of condyle in
animal No.1, ei ght months after surgery show-

ing same structures found in normal controls.

Figure

FI GURE

41

42

Photomicrograph, 22.5X, of eondyle in
animal No.2, eight months after surgery showing same structures round in normal controls .
I

II'

Fi gure

42

hE
and bone formation present in the oontrol animals were observed in these two
animals, (Plate XVII).

'lhe temporal bones in these animals were covered with a fibrous la.y'er
containing cartilage cells.
An articular

present in both

disc with a superior and interior articular space was

am mal s.

1
:1

CHAPTER V

DISCUSSION

'I

Retormation ot the Condyle
A complete reconstruction and function of the condyle four months
after condy'lectoq was observed in this stud7.

The process ot condylar re-

formation was not observed 1n tb1a stuc:17, or does the literature describe the
process in monkeys.
The process

ot reformation is probab17 sindlar to the healing of a

bone fracture as described bT Weinmann and S1cher (19~,) with so_ variations.
When the condTle is removed surgically', blood vessels are :.ruptured from the

most superficial tissues to the cut surface of the bone. After closure ot the
wound wi tb sutures a hematoma develops in the

empV articular capsule.

The

blood clot coagulates and later becomes organiaed by the replacement of the

blood by' TOung connective tissue (granulation tissue), made possible by the
imrasion of the clot by lynIpb and b.l.ood capillaries and veins. The plur1potential cells ot the
and fibroblasts whicb

"DUng

connective tissue differentiate into macropbages,

remove and replace the necrotic tissue. The granulation

tissue develops into loose connective tissue and the fibroblasts produce numerous collagenous fibers producing a fibrous callus.

The .fibrous callus is

replaced partl.T by direct bone formation and in the areas under stress by the

tormation and replacement of cartilapnous tissue by immature coarse-fibrUlar

h9

bone is then replaced by a mature lamellated bone and followed by reconstruction of the bane to functional stress.
The healing of the resected condyle in the mandible of the monkey

shows variations from the healing of fractures.

The continued MO'Ifement of tl'e

cut surface of the condy"lar neck probabl3' separates the blood clot resulting

in one on the cut surtace
by the condyle.

and one

remaining in the space previously occupied

Probab17 these clots undergo reorganization as in bone .frac-

ture and the plur:f.potent1al cells in the granula1;:1on 1;issue are probably' influenced by the conditions of the immediate environment.
It bas been known that under the influence of shearing forces, at a
site of fracture the fragments of bone can be covered by a l.a)ter of fibro-

cartUage, thus producing a pseudarthrosis.

This tunctional adaptation can

proceed even .fUrther, producing a structure very s1m1lar to a synovial capsule
of a true jOint.
The pluripotent1al cells in the granulation tissue on the cut surface

of the con.dylar neck are possibly stimulated to produce bone by their close
prox1.nt1ty to bone at the cut surface.

The pluripotential cells in the gran-

ulation tissue adjacent to the condyle probably' produce fibrous and cartilage
tissue which envelops the condyle, under the 1nfluence of stresses produced
by the functional movement of the mandible, thus producing a fibror..:a:rt1la&$

in a manner s1mUar to the formation of a pseudarthrosis.

Sinoe the a.rt1cu1ar disc was left in place and the fibrous capsule
sutured closed after condy1ectoIl\f and were also present four to eight months
after surge17, it is likely that their function is still necessary during the
refo~Ration

process.
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In previous studies on young rhesus monkeys mentioned above, findings
in the oondylar region &tter oond)"leotom;y for the most part showed a formation
of a funotional articular process whioh lacked the morphology of a normal condyle.

However, Walker (1960) in a gross study' did report a subtotal reform.-

ation of the cond)"le in a unUaterally condyleotondzed monkey_
The only histologic study

ot the temporomandibular joint after condy1-

eotOll17 in the monkey was reported by' Sarnat in 1957.

Thirty- months after con-

d)"lectom;r, he observed articulating surfaces on a reformed condyle with no
disc interposed. However, there was no evidence of &n7 cartilage being replaced by' bone in the cond7le-1ike structure. instead a 1Jqer of dense fibrous
tissue was attaohed to the ramus interiorlY and articulated with the temporal
bone superiorlY_
Measurements
A true height of the ramus could not be measured in this stucl7 since
the condyles were removed in all of the animals for histologic study.
The measurements of the heights of the mandibular body and coronoid
process, length of the mandibular bodyI width of the ramus and intermolar distances comparing the operated sides with the unoperated and control sides are
unaffeoted by' cOndyleotom;r.

These findings differ from those of Sarnat and

Engel (1951) and Sarnat (1957) which showed Significant decreases in the ramus
length and mandibular body height, and an increase in ramus width on the operated side after seventeen and thirt)"-f'ive months, and Walker (1960) who reported decreases in the mandibular body height, ooronoid process height, and
ramus width on the operated side, and an increase in condylar height on the
operated side after eighteen months.

1
;1
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This shows that the mandible continues to grow after condylectonty'.
Whether the type of growth occuring in the four to eight month period is an
adaptive (increase in size only without condylar growth) or developmental (increase in size and attaining a normal shape with condylar growth), it is difficul t to determine.
Evidence of cartilage growth in the reformed condyle tends to support
the idea of a continued developmental growth.

However, evidence of develop..

mental growth cannot be determined until the monkey' reaches adulthood.
Gonial Angle

.An increase in acuteness of the gonial. angle and antegonial notching
in this studY" is probably due to the alteration in muscular function.

The re-

moval of the condyle produces an alteration in the normal masticatory movements as a result of the loss of function of the lateral pterygoid muscle.

These alterations in masticatory movements modifY normal fUnction of the masseter and medial pterygoid muscles which insert in the area of the gonial
angle.
An example of this modification can be described in the opening move-

ment of the mandible.

The normal opening lllOV'ement is caused by' a synergistic

action of the lateral pterygoids, digastrias, and geniohy'oid muscles.

The

protractive force of the lateral pterygoid muscles act upon the condyles and
discs, and simultaneous depreSSion and retracting forces ot the geniohyoid and
digastric muscles acting on the chin blend to execute the combination of rotat017 and translatory movement.
A£ter loss of the lateral pterygoids the opening is done against considerable resistance and the depressors change their direction and power by'

I
,I
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the fixation of the hyoid bone and contraction of the infrahyoid muscles, thus
The resisting force is at the attachments ot the mas-

exerting more force.

seter and medial pterygoids at the gonial angle.
It 1s possible that this modified toree in the area ot the gonial
angle causes an increase in bone apposition.

An increase in bone at the angle

gives the appearance at an increased acuteness of the angle which is tormed by
the posterior border of the ramus and interior border ot the mandible.

An

increase in bone at the postero-interior area ot the mandible gives the appearanee ot an increased antegonial notching.
This finding confirms the increase in acuteness ot the gonial angle
and antegonial notching on the operated side as reported by' Sarnat and Engel

(1951), Jarabak and stuteville (1952) I am Samat (1957).
Jarabak and Stuteville (1952) stated that the increase in the acuteness of the angle and antegon1al notcbing occurs in response to a change in
muscular function.

Since the lateral pterygoids are no longer attached to the

condy'lar process, the forward movement of the mandible will depend upon the
other MUScles.

In this case the masseter muscles take over the function of

the lateral pterygo1ds.

It is the superticial diagonal fibers Which function

during the torward movement ot the mandible and are attached at the region of
the antegonial notch.
Sarnat and Engel (1951) otfer an explanation of the deepened antegonial notch as being a resu.lt of a lack of downward and forward growth of the
mandible coupled with apposition of bone on the posterior border of the ramus.
Dentition

I

The open bite in the incisor region of the bilaterall1' operated ani-
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mals in this study is probably the result of a rotation of the mandible upward
in the posterior region.

The normal. closing movement of the jaw is ma1nly- the function of the
elevator muacles (masseters, temporalis, and medial pteI7'goidS).

The function

of the masseter 'and temporalis muscles is not limited only to the elevation
of the mandible. The tibers ot the deep portion ot the masseter are directed
downward and torward it the mandible is in protruded pOSition, thus lending
a retracting component which is important during the closing movement of the
mandible.

The retracting component ot the temporalis muscle is in the most

posterior oblique fibers, which are directed downward and forward.

Therefore

the resultant force of these muscles is behind the molars, directed upward and
slightly' forward coinciding with the long axes of the molar teeth.
When the mandible is closed b7 the synergistic action of the elevator
lllUScles, the teeth come into contact and the condy'les are behind the posterior
slope ot the articular eminences. .l considerable amount ot pressure is distributed between the teeth and both temporomandibular joints as a result ot
this muscular force.

Therefore both temporomandibular joints and the occlusal

surfaces of the ma.::Ul.a.ry teeth resist any further upward displacement of the
mandible.

Choukas (19$8, 1960) points out the fact that the insertion of the

medial and superior part ot the upper head of the lateral pte17goid muscle to
the medlal anterior corner ot the disc acts not onl1' in the forward movement
of the disc and condyle, bat acts in conjunction with the elevator muscles as
a stabUizer of the mandible, disc and eminence during mastication.
It the condyles are removed, the two important resisting points are
aJ. tered and due to the detachment of the lateral pterygoid muscles an al tera-

Ii .
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tion in muscular balance is produced.

Thus the stabilization of the normal

relation of the mandible, disc, and eminence is lost and the mandible rotates
behind the last molar teeth until a new resistant force is met.

The new pos-

ition of the mandible is maintained by' the healing of the tissues in this
space.

As the healing tissues become more organized the new position of the

joint becomes stable. When the jaw is closed the last molar teeth will now
come into premature contact.

This continued force probably causes a depres-

sion of the last molars until the contact of the teeth is distributed over a
larger number of teeth

and

eventually reaching a state of equilibrium, thus

producing an open bite in the incisor region.
This finding confirms the open bite reported earlier by Sarnat and
Engel (1951), Jarabak and Stuteville (1952), Sarnat (1957), and Tomek (1958).
Sarnat and Engel believed the open bite to be a result of a rotation and
translation of the mandible.

The removal of the condyles left a space which

filled with fibrous tissue.

The masticatory muscles pulled the operated area

of the mandible upward and forward in an attempt to close the space resulting
in an open hi te •

A deviation of the midline of the mandibular incisors toward the operated side observed in one of the unilaterally operated animals can be explained by' a disturbance in muscular balance. When the condyle is removed the
lateral pterygoid muscle is detached, on the unoperated side the unaffected
lateral ptergoid muscle (the principal protractor of the mandible) exerts a
pull toward the affected side. This moves the mandible bodily toward the affected side. After a new muscle equilibrium is established bollY' remodeling
occurs, and

~he

deviation is permanent.
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It was found J however, that in one of the bilaterally operated
a deviation of 1

~~

occured.

ani~Als

In this case the loss of the principal protrac-

tor of the mandible is evident on both sides. The remaining group of masticatory muscles function without the aid of the lateral pterygoid muscles.

It

is probable that the resultant muscle pull was not equal on both sides and a
deviation occured to the weaker side.

After muscle equilibrium establishes,

as described in the unilateral deviation, bony remodeling oecurs J and the deviation is permanent.

I
1

CHAPTER VI
SUMMARY AND CONCWSIONS

Bilateral and unilateral condylectomies were performed, using a preauricular approach on three groups of Y'0Ul1g rhesus monkeys.

Each group con-

sisted of two monkeys which were sacrificed at intervals of four I six and
eight months alter surger;r.

Two monkeY'S were used as controls which were sac-

rificed at six and eight months alter the start of the experiment.
The findings were observed bY" the combination of gross post mortem observations, lateral head and antero-posterior roentgenographs, histologic
specimens of the temporomandibular joint, impressions of the mandibular dental
arch, and measurements of the mandible.
The following results were obtained s
1. All monkeys were able to masticate there normal. diet within three
days.
2.

Open bites of 1 rom were observed in all of the bllatera11Y' operated
animals as earlY' as the second postoperative month.

3. Deviations ot the mandible were observed in one bilaterally operated
animal and one unilaterally' operated animal.

4.

Within two months after surge17 new condyle-like structures were apparent roentgenographicallY' in all of the animals.

,.

Measurements of the operated animal mandibles did not differ signUi-

,7

,8
cantly' from the control animals.

6. Histologic sections showed a functional temporomandibular joint containing all the structures found in the normal temporomandibular
joint of the control animals.
On the basis of the preceding

data~

the following conclusions were made:

1. A reconstruction and function of' the condyle is obtained in young
monkeys within tour months af'ter condy'lectoll\T.
I

2.

No decision could be made as to whether the growth of' the mandible,

"~,I,
"

'I

revealed by the measurements of' the mandible, was adaptive or developmental. because of the limited postoperative period.

3. Bilateral condylectomies in monkeys produce an early open bite which
can be attributed to altered mechanics of the temporomandibular joint
and muscular function.

4.

Sufficient evidence is not available in this study to offer a definitive treatment for condylar injuries in the young child.

However,

the presence of' a reformed functional and growing condyle is encouraging.

I
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Photogra.ph of Qneat h tim d mon\ ey.
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Photograph of surgical area shaved .
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hotograpb ot ani 1 draped and ready

_or surgery.
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Photograph of inoisiono£' s -in.
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PLATE XIX
FIGURE 47

Photograph of s ki n reflected .

FIGURE

48

Photograph of superficial tissues reflected .

Figure 47

FIGURE

Figure
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Photograph of deep blunt dissection
being made .

FIGURE , 0

Photograph of condylar neck exposed .
Figure 49

Fi gure ,0
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PLATE XX

FIGURE

51

Photo raph of sectioned condylar neck .

FIGURE 52
Photograph of condyle removed and
empt,r condyle space .

Figure
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Figure

52

Fi gure
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Figure

54

FIGURE 53
Photograph of deep tissues being sutured .

FIGURE 54
Photograph of deep tissue sutured in
place .
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PLATE XXI

FIGURE

55

Photograph or skin clQsed with interrupted sutures.

FIGURE 56

Figure 55

Figure 56

Photograph of plastic bandage being

applied .

FIGURE

57

Photograph of condyle.

Figure

57
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